
Tetrahedron Lenten, Vol. 34, No. 25, pp. 4047-4050, 1993 00404039/93 $6.00 + .00 
Printed in Great Britain Pergamon Press Ltd 

Synthesis of  1-O-Acyiglycerol 2,3-Cyclic Phosphate: Determination of  the 
Absolute Structure of  PHYLPA, A Specific Inhibitor of DNA Polymerase ct 

Susumu Kobayashi b*, Ryosuke Tokunoh a, Masakatsu Shibasaki a, 
Rumi Shinagawa b, and Kimiko Murakami.Murofushi c 

a Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan 
b Sagami Chemical Research Center, Nishi-Ohnuma, Sagamihara 229, Japan 

c Faculty of Sciences, Ochanomizu University, Ohtsuka, Bunkyo-ku, Tokyo 112, Japan 

Key Words: PHYLPA; DNA polymcrasc ~ lysophosphatidic acid; cyclic phosphate; 

cyclopropane; tris(lxiazole) phosphate. 

Abstract: Four possible stereoisomers of PHYLPA, a specific inhibitor of DNA polymerase ~x, 
were synthesized in enantioselective manners. These isomers were examined for inhibition activity 
for DNA polymerase o~ and the structure of  PHYLPA was established as sodium 1-0-[(9'S, 
l O'R )-9',l O'-methanohexadecanoyl]-sn-glycerol 2,3-cyclic phosphate. 

PHYLPA 1 was recently isolated as a specific inhibitor of DNA polymcxase ~ from myxoamocbac of a 

true slime mold, Physarum polycephalum. Structural study by MS, IR, and NMR has lead to the assignment 

of PHYLPA as 1-O-(9',10'-methanohexadecanoyl)glyceml 2,3-cyclic phosphate, although the absolute 

configurations at C(2), C(9'), and COO') have not been yet established. 2 
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PHYLPA is quite interesting because (1) it exhibits opposite effects on cell prolifexation and DNA 

synthesis I compared to lysophosphafidic acid (LPA) and phosphatidic acid (PA) of current biological 

interests, 3 and (2) these difference is derived by the novel structure which involves the glycerol cyclic 

phosphate and cyclopropane-containing hexadecanoic acid, 4 and that (3) to our knowledge, only diterpene 

antibiotic aphidicolin5 was known as a specific inhibitor of DNA polymerase 0L This paper describes the 

stereocontroUed synthesis of four possible s~reoisomers of PHYLPA and the determination of the absolute 

structure of PHYLPA by examining their inhibition activity for DNA polymerase o~. 
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Our synthetic route to PHYLPA is rather stmightforwanl involving the initial coupling of cyclopropane- 

containing hexadecanoic acid with isopropylidene glycerol, followed by deacetalization and final transformation 

to a cyclic phosphate. 

Preparation of both enantiomer of 9.10 acid, 7 and 12, is summarized in Scheme 

2. The chiral synthon employed in the present study was the bicyclic ~lactone (+)-a teadily prepated ftom 

meso diester 1 by enzymatic approach.6 The y-lactone 2 was reduced to hemiacetal with DIBAL (1.05 equiv), 

and the hemiacetal, without purifiiation, was reacted with pentylidenetriphenylphosphorane in DMS07 to 

obtain the vinyl cycloptopane 389 in 60% yield fkom 2. The alcohol 3 was oxidixed with PCC. and the 

resulting aldehyde 4 was then reacted with (a-carboxyhexylh~h~to in DMSO, followed 

by the treatment with diazomethane in Et20 to give the diene 5 in 86% yield 
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m (a) (i) PLE. pH 8.0 phosphate buffer, r.t., 24hr (ii) BHs*SMez. 

B(OMe)3, THP, -2OV+r.t., 24hr; (iii) p-TsOH, benzene, mflux, 30min: (b) DIBAL, 
CH2ClgIhexane, -78”C, lhr: (c) Ph@C!~Htt Br’, NaC!H$WCH3, DMSO, r.t., lhrz 
(d) PCC, NaOAc, MS3A, CHgC12, r.t., lhr: (e) (i) Ph3p+QHt$CgH Bf, NaCHgSOCH3, 
DMSO, r.t., lh (ii) CHzNg, Etfl: (f) K@CN=NCOgK, AcOH, MeOH, teflux, 8hrz 
(g) NaOH, THFVH20, reflux, 4hr. 



Hydrogenation of the diene 5 was successfuRy achived by diimide ttductior~~~.~~ (generated in siru from 

KQ$N=NC@K and Ac0I-I) to provide 613 in exceIIent yield. Finally, (9S,lQR)-9.10-methanohexadecanoic 

acid (7) was obtained in quantitative yield by akahne hydrolysis of 6. The enantiomeric 12 was also 

synthesixed from @tctone 2 by simply reversing the order of the phosphoranes. (Scheme 2) 

Cycl~taining hexakcanoic acid 7 was then coupled with (R>glycerd acemmde 1314 to 

afford 14 in 77% yield The transformation of 14 to cyclic pohosphate 16 was carried out without purhication 

of the dioll5. Thus, the acetoni& 14 was treated with PITS in MeOH at SOY! for 30 min.15 and the mixture 

of 1516 and unchanged 14 was reacted with tris( 1,2,4-triaxole) phosphate*7J* to obtain the cycIic phosphate 

16l9 in 27% yield (97% yield based on the recovered 14) as a white powder after lyophihxation. 

Isomeric 17.18, and 19 were aIso synthesized in a similar manner.20 Determination of the structure 

(relative stemochemistry) by s~mzhoscopk analysis was found diffiiult because tH-NMR and 13GNMR 

spectra of 16 (19). 17 (18). and natural PHYLPA wete indistinguishable. 
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. . Reagents: (a) DCC, DMAP, CH2C12, r.t., 12hr ; (b) PPTS, MeOH, 50°C 0.5hr, 
(c) (i) tris(l,2,4-triaxole) phosphate, THP, 0°C. 2Omin, (ii) 2%HCI, (iii) NaH, Et20. 

Inhibition activity of each isomer for immutx&Inity-purified calf thymus DNA poIymerase a was also 

examined, and only 16 exhibited the comparable activity as naturaI PI-IYLPA. Relative activities of other 

isomers compamd to natural PHYLPA were estimated to be ca l/3, <l/10, and <l/10 for 17,18, and 19, 

respectively. Therefore, the strucmre of PIIYLPA was determined to be 16 (sodium 1-0-[(9’~,lO’R)-9’,1~- 

methanohexacktmoylj-sxgIycerol2,3cycIic phosphate). Other quite intuesting finding is that no inhibition 

activity was observed for demethano derivative (l-0-hexadecanoylglycerol Z3cycIic phosphate). Other 



biological experiments such as cell proliferation using synthetic cyclic phosphates are now in pqress, and 

results will be teported in due course. 
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